In this paper, we review reproductive patterns and known larval durations, behaviors, and vertical distributions, and suggest how these biological features couple with vent topography and hydrodynamics to affect dispersal. Finally, we suggest some areas to focus efforts on, especially in light of conservation issues recently arising at hydrothermal vents.
(1) the exchange of individuals necessary to maintain populations and genetic connectivity over space and time, and (2) the colonization of new habitats or immigration into existing communities that can influence community structure and species diversity. Thus, the dispersive aBStr aCt. Visually striking faunal communities of high abundance and biomass cluster around hydrothermal vents, but these animals don't spend all of their lives on the seafloor. Instead, they spend a portion of their lives as tiny larvae in the overlying water column. Dispersal of larvae among vent sites is critical for population maintenance, colonization of new vents, and recolonization of disturbed vents. Historically, studying larvae has been challenging, especially in the deep sea.
Advances in the last decade in larval culturing technologies and more integrated, interdisciplinary time-series observations are providing new insights into how hydrothermal vent animals use the water column to maintain their populations across ephemeral and disjunct habitats. Larval physiology and development are often constrained by evolutionary history, resulting in larvae using a diverse set of dispersal strategies to interact with the surrounding currents at different depths. These complex biological and oceanographic interactions translate the reproductive output of adults in vent communities into a dynamic supply of settling larvae from sources near and far.
oN the riSe
The timing of larval release and the planktonic larval duration (PLD), the amount of time larvae take to develop to the settlement stage, affect when and for how long currents will transport larvae.
In the simplest scenario, larval dispersal distance could be estimated by the duration of larval life combined with the direction and magnitude of prevailing currents. However, many larvae are not simply particles being passively carried by currents. Instead, larvae may adjust their vertical positions in the water column in order to influence which water masses transport them.
reproduction
Because hydrodynamic conditions in the water column vary with time, dispersal patterns initially depend on when larvae enter the water column. This timing is controlled by reproductive patterns in vent animals (e.g., when they become sexually mature, how many times they reproduce, when they reproduce) and timing of spawning (release of eggs and sperm) or brooding embryos for release of later-stage larvae. Specific spawning events are rarely observed at deep-sea chemosynthesis-based ecosystems (but see Hilário et al., 2011; Bright and Lallier, 2010) ; thus, inferences about spawning time are often made from scrutinizing patterns in population structure or, more directly, reproductive cycles. Reproductive patterns in the deep sea are diverse and complex (Young, 2003) . While individuals typically reproduce periodically and spawn in synchrony with other individuals to ensure fertilization, population-wide breeding tends to be continuous throughout the year in the deep sea (Gage and Tyler, 1991; Young, 2003) and at hydrothermal vents (reviewed in Tyler and Young, 1999; Van Dover, 2000) . Continuous reproduction has been shown for many populations of hydrothermal vent gastropods (e.g., Tyler et al., 2008; Matabos and Thiébaut, 2010) and several caridean shrimp (Llodra et al., 2000) . The tubeworm Riftia pachyptila (top) releases fertilized eggs into the water column where they develop into trochophore larvae with minimal swimming ability. The trochophore develops into a metatrochophore, which settles at a hydrothermal vent and then acquires symbiotic bacteria necessary to live there. gastropods such as the limpet, Ctenopelta porifera (bottom right), release embryos or unfertilized eggs and sperm that meet and develop into shelled veliger larvae. many crustaceans such as vent shrimp (bottom left) brood their eggs until they release planktonic larvae called zoea. Zoea are relatively good swimmers, compared to trochophore and veliger larvae. after multiple molts, the zoea must find their way back to the vents to settle. Images of riftia embryos and trochophore larva courtesy of C. Young and D. Manahan (Marsh et al., 2001) ; riftia metatrochophore and recruit courtesy of M. Bright (Bright and Lallier, 2010) brates that reside at relatively shallow hydrothermal vents can be cultured at figure 2. a simple model depicting how the interaction between larval biology and currents may affect dispersal among hydrothermal vent communities. Larval physiology, development, and behavior influence the vertical distance above the vent that a larva may travel, as well as the amount of time it spends in the water column. planktonic larval duration and position interact with currents to alter transport distance. Then, larval behavior in response to an intrinsic or extrinsic cue triggers the transport of larvae back to the seafloor where they settle and recruit into a hydrothermal vent community. This example shows three larval types. The veliger larvae of many gastropods such as limpets (e.g., Lepetodrilus spp.) tend to remain near the bottom (mullineaux et al., 2005) where they are more likely to be retained in slower currents close to home. The embryos of the tubeworm Riftia pachyptila are buoyant and cannot tolerate the high temperatures where the adults thrive (Brooke and young, 2009 ); thus, they are likely to be transported above the bottom. Strong-swimming larvae, such as shrimp or crab zoea, migrate up into the oceanic currents far out of the influence of the hydrothermal vent plume or ridge-controlled currents (Dittel et al., 2008) . feeding as a likely ancestral rather than derived condition for deep-sea species (Bouchet and Warén, 1994) . In shallowwater invertebrates, feeding larvae are generally presumed to remain in the planktonic stage for longer periods and to disperse farther than nonfeeding larvae or brooded embryos, which have finite energy reserves (Thorson, 1950; Wray and Raff, 1991) . However, in the deep sea and in Antarctica waters, this pattern does not always hold true because low metabolic rates at cold temperatures tend to increase PLDs of even nonfeeding larvae (Lutz et al., 1984;  reviewed by Young, 2003) . The estimated mean larval duration for the nonfeeding larvae of the tubeworm Riftia pachyptila is 38 days, based on physiological modeling of metabolic rates at low temperatures (Marsh et al., 2001 ).
With a 38-day PLD, Marsh et al. (2001) predicted that dispersal distances of R. pachyptila larvae would more likely be Where are the Larvae?
The horizontal and vertical distribution of larvae determines the hydrodynamic regime in which they disperse. Although sculpturing once feeding on plankton begins; thus, larval shell morphology can be a good indicator of whether larvae are feeding or nonfeeding (Lutz et al., 1984 The larval shell is sometimes preserved on the shell of juvenile or adult mollusks (e.g., limpets, snails, and mussels), allowing for species identification by examining unique shell characters such as size, sculpturing, and shape (Lutz et al., 1984; mullineaux et al., 1996; mills et al., 2009 ).
however, even shell characters can lack species-level differences. What's more, identification of larvae through morphology requires a good understanding of the diversity of larval characteristics and is labor intensive. molecular identification techniques are being rapidly developed to provide species-level identifications of embryos and larvae with the potential for high-throughput processing.
Sequenced "barcodes," such as cytochrome oxidase i (Coi) and 16S mitochondrial genes, from unidentified individuals can be compared to known sequences to provide identification (hebert et al., 2003) irrespective of morphological information. The only limiting factor is the sequence database, which is rapidly expanding but still incomplete for hydrothermal vent species (Vrijenhoek, 2009; adams et al., 2010) . restriction fragment length polymorphisms provide an inexpensive alternative to sequencing to identify a well-defined group of species (adams et al., 2010) . one of the main complaints about molecular identification is the destruction of morphological information. Whole mount in situ hybridization with species-specific probes can also provide identification of specific species while preserving the morphology (pradillon et al., 2007) .
as identification techniques continue to be developed and applied to hydrothermal vent species, our ability to identify vent larvae constantly improves, but may remain hindered by incomplete sampling of vent fauna and overall taxonomic progress describing new vent species.
examples of mollusk, crustacean, and polychaete larvae of hydrothermal vent species. Larvae come in various shapes and sizes that may not look like the adults. Images of crustacean zoea courtesy of H. Miyake (Miyake et al., 2010) 
WaftiNg iN the fLoW
As larvae of hydrothermal vent species rise through the water column (Figure 2; up to 5,000 km!), they are exposed to a wide range of current directions and speeds that influence their transport potential. 
Close to home in the Valley

ridge-Dominated flow
The ridge itself can greatly influence the overlying flow. Influences on the current regime are related to the shape and structure of the ridge, which can vary substantially, depending on the magmatic supply. However, intensification of along-axis and cross-axis current velocities at the ridge crest (e.g., Thomson et al., 1990; Thurnherr et al., 2011) 
hydrothermal plumes
Early in studies of larval transport between hydrothermal vents, it was hypothesized that larvae might be packaged and dispersed within the hydrothermal plume (Mullineaux et al., 1991) . This transport mechanism would have different implications at sites with deep axial valleys (e.g., JdFR) compared to sites with shallow axial valleys (e.g., EPR). At the JdFR, the plume rises to just above the ridge axis where hydrothermally driven circulation still dominates (Thomson et al., 2009; see Di Iorio et al., 2012, in this issue) .
On the other hand, the buoyant plumes exiting vents along the EPR (Thurnherr and St. Laurent, 2012 , in this issue) rise to similar heights, but quickly exit the axial valley and are subjected to ridgeand oceanic-forced currents. Although larval buoyancy may cause some larvae to be transported within the plume, overall larval abundances are higher near bottom than at plume level (Kim et al., 1994; Metaxas, 2004; Mullineaux et al., 2005) . Furthermore, modeling efforts demonstrate that plumes may entrain only a small fraction of the larval pool (Kim et al., 1994) and entrainment primarily occurs when bottom currents are negligible (Bailly-Bechet et al., 2008) . Although plumes were suggested to be "larval highways" (Mullineaux et al., 1991) In general, most vent invertebrates exhibit gregarious settlement, discontinuous recruitment, and high juvenile mortality (e.g., Metaxas and Kelly, 2010) . The integrated, interdisciplinary efforts must continue near vents, off axis, and in the lab to shed light on the dynamics that result when planktonic larvae recruit into the benthic community (Govenar, 2012, in this issue) .
Discoveries made at the Integrated Study
Sites and through advances in methodologies have provided valuable insights, but there is still much to learn about the evolution and ecology of life at hydrothermal vents. Thus, we must continue to look at life not only in the immediate vicinity of the hydrothermal flow but also at vent life in the water column. As we move forward with hydrothermal 
